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ABSTRACT

The total concentration of mercury was determined in samples of 80 flounders
(Platichthys flesus L.) and 100 cod (Gadus morhua L.). The fish were caught at five
different localities near or in the relatively polluted Glomma estuary. A higher mercury
concentration was found in flounder than in cod. The influence of the factors sex, season,
and distance from the Glomma outlet on the mercury concentration in the two fish species
was investigated using 1-way and 2-way ANOVA. Mercury levels in both flounder and cod
in the area did not seem to be affected by locality or sex, since no significant main effects
or interactions (locality and sex) were found. The only seasonal variation was revealed in
flounder, with a significantly higher mercury level in the spring as compared to
corresponding levels in the autumn. This pattern is probably connected with spawning.
Most of the cod in the present study were immature, and this may partly explain the lack
of seasonal variation in mercury concentration. A significant increase in mercury content
with increasing age was found for both species. Generally, the mercury concentrations in
both flounder and cod were far below the maximum permitted level in Norway.



INTRODUCTION

Fish accumulate mercury directly from food and the surrounding water (Bryan 1976;
Rainbow 1985). Mercury bioaccumulates, and is toxic to the cell at quite low
concentrations (Clark 1986; Lindberg et al. 1987). Further, mercury is transformed to a
very toxic form, methyl mercury, in aquatic sediments. Major sources of mercury in coastal
waters are rivers carrying industrial pollutants and wastes dumped directly into the sea
(Clark 1986).

The Hvaler archipelago was monitored in the 1980°s to study the extent of mercury
pollution in fish (Knutzen 1984; Monfelt & Lindestrom 1989). However, in these surveys
little attention was paid on possible effects of season and sex on the mercury levels in
fish. Besides, these studies did not include biological parametres like age, growth, gonad
development etc. of the fish.

The present study is a survey of mercury pollution in two sedentary fish species
stationed in or around the Glomma estuary in the Hvaler archipelago. Glomma is the
largest river in Norway. Along its lower end, several factories are situated as well as a
large garbage dump. A chlorine alkali factory is assumed to be the major source of
mercury pollution of the river (Skei 1984; Monfelt & Lindestrom 1989). "

The main objective of the present study was to investigate the influence of sex, age,
season, and distance from the Glomma outlet on the mercury concentraton in flounder
(Platichthys flesus L.) and cod (Gadus morhua L.) caught at five locations during the year
1988.

MATERIALS AND METHODS

Field collection

During 1988, 393 flounders (Platichthys flesus) and 457 cod (Gadus morhua) were
collected at five different stations located close to the outlet of the Glomma river in the
outer Oslofjord (Figure 1). The fish were caught monthly from March to December. For
fish collection, trawls were used at stations 3, 4, and 5 while gill nets were used at stations
1 and 2. The fish were kept at -20 °C for up to two weeks before determination of sex,
weight, length, gonad index, liver weight, and anomalies. Otoliths were removed for age
determination (Christensen 1964; Williams & Bedford 1974). Individual fillets were
removed and kept frozen until mercury analysis was performed. From the total fish sample,
80 flounders and 100 cod were selected in an effort to obtain fish of similar age groups,
4-6 years in flounder and 1-3 years in cod. The groups contained about equal numbers of
males and females. The flounders were mature while most of the cod were immature. In
addition, fillets of 15 flounders from station 1 in September and 16 cod from station 2 in
October were selected in order to determine the effect of age on mercury concentration in
the two species.

Analytical procedure

The total levels of mercury were determined in tissue samples of individual
flounders and cod. The samples were digested in a mixture of nitric and perchloric acid
in a temperature programmable aluminium block (Haugen et al. 1985). Maximum digesting
temperature for the mercury determination was 190 °C. Mercury was determined with a
hydride generator system producing a continuous, integratable signal. The detection limit
was 0.02 mg/kg, when using about 1 g sample (Haugen et al. 1985).
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Figure 1. A. Map of the southern part of Norway indicating the location of the Hvaler
archipelago. B. Map of the Hvaler archipelago with locations of the 5 sampling sites.



Statistical analysis

The three chosen factors; sampling site (i. e. station), season (i. e. sampling month),
and sex might have a significant influence on the mercury concentraton in the two fish
species in the present study. In order to estimate the effects of the factors on the mercury
concentration in the two fish species and their interactions, a 1-way and a 2-way ANOVA
were used (Bhattacharyya & Johnson 1977). If the levels of a factor were found to be
significantly different, they were ranked by Tukey’s multiple comparison procedure (Larsen
& Marx 1986). A simple linear regression was used to test the correlation between mercury
content (depentent variable) and the age of the fish (independent variable) (Bhattacharyya
& Johnson 1977). The results are given as arithmetic means + standard error of the mean
(SE).

RESULTS

Generally, flounder had a higher mean mercury concentration than cod (Table 1).
A 2-way ANOVA showed no significant differences in mercury content between the
stations 1-5 for neither flounder (p>0.36) nor cod (p>0.12).

Table 1. Mean mercury concentration (mg/kg wet weight) + SE in flounder and cod from
the stations 1-5. n indicates the total number of fish analyzed.

St Flounder n Cod n
Mean Hg-level Mean Hg-level

1 0.15 + 0.02 30 0.10 + 0.01 10

2 0.19 + 0.03 18 0.08 + 0.01 20

3 0.14 + 0.01 30 0.07 £ 0.01 30

4 0.12 + 0.05 2 0.09 + 0.01 20

5 - . 0.09 + 0.01 20

It was found that the male flounder had a slightly higher mean mercury level (0.17
mg/kg) than the female flounders (0.14 mg/kg), however, the difference was not statistically
significant (p>0.14). In female and male cod the mean mercury levels were equal (0.09
mg/kg and 0.08 mg/kg, respectively). No significant interaction (at the 5 percent level)
between the factors sex and station was found for either species.

For flounder, a significantly higher mean mercury content was obtained in March
as compared to the corresponding level in September and November (p<0.01) (Figure 2).
Seasonal variation in mercury concentration was not found for cod. In addition, no
significant interaction between the factors sex and month was found for either species.
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Figure 2. Seasonal variation in mean mercury concentration (mg/kg wet weight) + SE in
flounder and cod.

In both flounder and cod a significant increase in mercury concentration was
observed with increasing age although few samples were analyzed (p<0.05, r’=0.27,
y=0.02x + 0.02 for flounder, and p<0.02, ’=0.32, y=0.13x - 0.13 for cod) (Tables 2 and
3}

Table 2. Mean mercury concentration (mg/kg wet weight) + SE in 1-9 year old flounders
from station 1 in September. n indicates the total number of fish analyzed.

Age Mean Hg level n

1 0.07 1
4 0.06 + 0.01 5
5 0.15 + 0.04 4
6 0.16 + 0.04 3
7 0.13 1
9 0.18 1
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Table 3. Mean mercury concentration (mg/kg wet weight) + SE in 1-3 year old cod from
station 2 in October. n indicates the total number of fish analyzed.

Age Mean Hg-level n

1 0.10 1

2 0.10 £ 0.01 9

3 0.26 + 0.07 6
DISCUSSION

Early in the 1980’s, a mean mercury concentration of 0.3 mg/kg in flounder and
0.1 mg/kg in cod was found in the Hvaler archipelago (Knutzen 1984). The mean levels
determined in flounder in the present study were considerably lower than those from
Knutzen’s survey, while the mean levels in cod were only slightly lower. A recent survey
of flounder from the Hvaler archipelago, revealed mercury levels comparable to levels in
the present study (0.07-0.17 mg/kg wet weight) (Monfelt & Lindestrom 1989). The decrease
observed in mean mercury level in flounder and to a certain extent in cod in the period
1980-1988, might reflect a decrease in mercury input from the chlorine alkali factory from
about 1.1 tonn/year in 1974 to 40-50 kg/year in the 1980’s.

The present mean mercury levels are much lower than corresponding levels in
flounder and saithe (Pollachius virens) from the heavily polluted Sgrfjorden (0.28-0.60 in
flounder and 0.07-0.22 mg/kg in saithe) (Julshamn er al. 1985), which was also expected.
However, the present mean mercury levels in cod are also lower than corresponding levels
in cod from the North Sea (0.15-0.20 mg/kg), but higher compared to corresponding levels
in cod from Greenland (0.01-0.04 mg/kg) (Clark 1986). It should however be pointed out
that these studies do not specify the age of the fish. Since the age has an influence on the
mercury concentration, and most of the cod in the present study were young, this may also
explain the observed differences between their results and ours.

In Norway, the maximum permitted mercury intake is 0.3 mg/kg bodyweight/week
for a grownup, which is in accordance with the recommendations from the FN
organizations FAO and WHO (Clark 1986; Anon 1989). Generally, the mercury
concentrations in both flounder and cod were far below the maximum permitted level in
Norway.

The difference found in mean mercury levels between flounder and cod, may partly
be caused by different behaviour and feeding habits. Flounder is a bottom dwelling fish
in contact with sediment, whereas cod is a semipelagic species. Skurray & Cleary (1988)
found a higher mercury level in bottom dwelling fish as compared to pelagic fish species,
due to differences in feeding habits. Accumulation of mercury from food is predominant
in aquatic organisms (Bryan 1976; Rainbow 1985). Mercury is also known to
bioaccumulate in fish (Clark 1986; Lindberg et al. 1987), and since the flounders examined
were older than the cod, this might also explain the observed difference.

The chlorine alkali factory situated at the lower reaches of the Glomma river, is
assumed to be the major source of mercury pollution in the Hvaler archipelago. The
sampling sites were selected to assess the possible influence by the Glomma watermasses
from this factory. As a consequence, N&s (1983) and Knutzen (1984) found the highest
mercury levels in sediments in Lgperen and Vesterelva (see Figure 1). Further, they stated
that the sediments in the area were only moderately contaminated by mercury due to a
significant dilution effect by the Glomma river. The previous study revealed no significant
difference in mercury concentration in fish caught at the inside and the outside of the
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islands for either species. Thus, fish close to the mercury source do not seem to be more
exposed than fish far from the source in the Hvaler archipelago. Monfelt & Lindestrém
(1989) found a higher mercury level in flounder from the inside as compared to the outside
of the islands. However, they did not state if their result was statistically significant. The
Hvaler archipelago is heterogeneous both with regard to depth and salinity. This might lead
to a difference in mercury availability between the inside and the outside of the islands.
Many factors affect the availability of metals. The most important are metal-concentrations
in solution and prey, temperature, pH and redox potential (Luoma 1983). Besides, mercury
often forms complexes with chloride and bromide in sea water, which leads to a greater
proportion of free mercury ions at low salinities (Phillips 1977; Rainbow 1985). The above
mentioned factors together with a certain geographical variation in feeding habits found by
Wigeland (1975), might lead to similar mercury levels in both flounder and cod on the
inside and the outside of the Hvaler islands. Apart from this, migration between the stations
might also play a part, even though both flounder and cod in the Oslofjord are thought to
be stationary (Dannevig 1954; Hansen 1979).

The present study showed a seasonal variation in mercury content in flounder. This
was not found for cod. Since the gonads contain more mercury than fish muscle (Vgllestad
1987), a seasonal variation in mercury level was expected for the mature fish. The
flounders had a significantly higher mercury level in March, just before the spawning
period, and a lower level in the autumn. Most of the cod in the present study were
immature, and such a variation due to gonad development could not be expected.

Other studies have revealed differences in mercury content between the sexes
(Phillips 1977; Clark 1986). This was not found in the present study for either species.
Possible reasons may be differences between females and males with respect to feeding
habits, behavioural pattern, and physiological status.

Methyl mercury has a long half life in fish. This leads to increasing concentrations
with increasing age of the fish (Bryan 1976; Richards & Dulley 1983). A significant
increase with increasing age was found for both species in the present study although the
samples were small.
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